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1
SYSTEM FOR SPEED-BASED POWER
CALCULATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from U.S. Provisional
Patent Application No. 61/806,993, which was filed on Apr. 1,
2013, the subject matter of which is incorporated by reference
in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to bicycle power-sensing sys-
tems and, more particularly, to a bicycle power-sensing sys-
tem that determines power based on a speed value(s).

2. Discussion of the Related Art

Bicycle power-sensing systems are known. Power meters
are power-sensing systems that can sense a bicyclist’s
expended power directly at the bicycle, while moving. Some
trainers used for supporting bicycles for stationary training
with resistance units can sense power expended by a bicyclist.
These known power-sensing systems typically require expen-
sive sensors like strain gauges or other torque sensors. Many
known power-sensing systems require a coast-down test to
account for rolling resistance before every ride and some
known power-sensing systems use speed-power lookup
tables that can be at least somewhat inaccurate at times.

SUMMARY OF THE INVENTION

The present invention is directed to a system for speed-
based power calculation that can be used to indirectly deter-
mine power of a bicyclist while riding a bicycle. This may be
done by using speed measurements or sensed speed values to
determine power expended by a bicyclist in view of values of
system inertia and resistive forces.

According to one aspect of the invention, determining
power may be done by evaluating energy lost relative to total
resistance in the system so as to calculate how much power
must be produced to maintain a current speed. Evaluating
changes in speed, such as deceleration, during the dead spot
measurement periods allows for calculating energy lost as a
function of energy dissipation during the dead spot measure-
ment periods, without power input from the bicyclist to the
bicycle. This allows for a system that can determine power
using sensors that can detect speed-related performance char-
acteristics of the bicycle, without requiring expensive sensors
like strain gauges or other torque sensors.

According to another aspect of the invention, an expended
power value may be determined based on a speed value that is
evaluated with respect to a known inertia value or accurately
approximated inertia value of the system. This allows calcu-
lation of power by evaluating such system inertia in view of
changes of speed in view of counteracting forces. For on-road
implementations having the bicycle power-sensing system
arranged at the bicycle, an on-road inertia value may be a sum
of system inertia in the bicycle and the bicyclist, which may
correspond to a total weight of the bicyclist and the bicycle.
For stationary implementations having the bicycle power-
sensing system arranged at a trainer that supports the bicycle
for stationary training, an on-trainer inertia value may be a
sum of system inertia in rotating components of or cooperat-
ing with the trainer. These rotating components may include
a roller of the resistance unit, the bicycle rear wheel, a fly-
wheel of the resistance unit, and bearings of the resistance
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unit. The changes in speed may be deceleration and the coun-
teracting forces may be summed forces counteracting for-
ward movement or rotation of various rotating components,
or a resistance value(s). For on-road implementations having
the bicycle power-sensing system arranged at the bicycle, an
on-road resistance value may be a sum of resistance compo-
nents from acceleration, hills, rolling resistance, and aerody-
namic drag. For stationary implementations having the
bicycle power-sensing system arranged at a trainer that sup-
ports the bicycle for stationary training, an on-trainer resis-
tance value may be a sum of resistance components from the
brake components of the trainer, acceleration, frictional
losses between the rear wheel of the bicycle and drum or
roller of the resistance unit, and frictional losses within bear-
ings and between engaging portions of bearings and an axle of
the resistance unit. This allows for a system that can deter-
mine power using speed-related performance characteristics
of'the bicycle, without using, and more accurate than, speed-
power lookup tables.

According to another aspect of the invention, determina-
tion of instantaneous or near instantaneous deceleration at a
dead spot in a pedal stroke due to forces countering forward
movement or forces countering maintenance of rotational
speed allows for determining an accurate power value despite
resistive forces that may change dynamically throughout a
ride or training session, while using speed-related values.
Deceleration may be continuously measured in every pedal
stroke for evaluating instantaneous or near instantaneous
deceleration at a dead spot in a pedal stroke. Determination of
instantaneous or near instantaneous deceleration at the dead
spot in the pedal stroke due to forces countering forward
movement or forces countering maintenance of rotational
speed allows for determining an accurate power value despite
resistive forces that may change dynamically throughout a
ride or training session, while using speed-related values.
Such determination can be used to evaluate how much power
would be required to maintain current speed, yielding a value
that corresponds to expended power by the bicyclist. A total
power value or bicyclist expended power value may be
derived from a steady speed power determined by the decel-
eration in the dead spot combined with a macro scale accel-
eration/deceleration of the system. This allows for a system
that can determine power based on signals from sensors that
can detect speed-related performance characteristics of the
bicycle.

According to another aspect of the invention, a change in a
speed-related value corresponding to a change in at least one
of'a linear speed of a bicycle, a rotational speed of a rotating
component of the bicycle, and a rotational speed of a rotating
component of a resistance unit for resisting a pedaling effort
of a bicyclist pedaling the bicycle is determined. A power
value is determined based at least in part on the determined
change in the speed-related value. A dead spot occurrence in
which a minimum power is applied by the bicyclist to the
bicycle during a pedal stroke may be determined, and the
change in the speed-related value for the dead spot occurrence
may be determined. The power value may be determined at
least in part by evaluating the change in speed-related value
for the dead spot occurrence and an inertia value of the
bicycle. This allows for determining a power value using data
from sensors that can detect speed-related performance char-
acteristics of the bicycle.

According to another aspect of the invention, a system is
provided for determining power of a bicyclist while riding a
bicycle. The bicycle includes a frame and a rotating compo-
nent rotatably coupled to the frame. A sensing device is
arranged for detecting a speed-related value of the bicycle. A
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processor communicates with the sensing device and is con-
figured to determine a change in the speed-related value and
to determine a power value based on the change in the speed-
related value. This allows the system to be small, compact,
and lightweight to facilitate retrofitting to existing bicycle or
bicycle trainer components, while incorporating relatively
low-cost sensing devices.

According to another aspect of the invention, the sensing
device may be arranged for sensing a rotational speed of the
rotating component. The speed-related value corresponds to
the sensed rotational speed of the rotating component. The
change in the speed-related value corresponds to a change in
the rotational speed of the rotating component. The sensing
device may be arranged at least one of a front wheel, a rear
wheel, forks, and a crank assembly of the bicycle for deter-
mining the change in the speed-related value of the at least
one of the front wheel, the rear wheel, the forks, and the crank
assembly of the bicycle. A trainer frame may support the
bicycle in a generally stationary position while a bicyclist
exerts a pedaling effort to rotate a driven wheel of the bicycle
and aresistance unit that is supported by the trainer frame, and
includes a roller driven to rotate by the driven wheel of the
bicycle for resisting the pedaling effort of the bicyclist. The
sensing device may be arranged for sensing rotational speed
of' the roller, and the change in the speed-related value corre-
sponds to a change in rotational speed of the roller of the
resistance unit. By determining power from sensed speed-
related characteristics, a coast-down test is not required to
account for rolling resistance, whereby power can be accu-
rately determined, despite temperature fluctuations and/or
changes in tire pressure.

According to another aspect of the invention, the sensing
device may be an angular accelerometer for measuring an
angular acceleration and/or deceleration of the rotating com-
ponent. The processor may determine the change in the
speed-related value corresponding to an occurrence of a dead
spot in a pedal stroke in which a minimum power is applied by
a bicyclist to the bicycle during the pedal stroke. The proces-
sor may determine an energy-lost value and evaluate the
change in the speed-related value with respect to the energy-
lost value to determine the power value. The energy-lost value
may correspond to a deceleration during the dead spot in the
pedal stroke. The energy-lost value may be determined based
at least in part on an inertia value of the system. The inertia
value may be a sum inertia value defined by summing mul-
tiple inertia component values of the system. The inertia
component values of the system may include at least one ofan
inertia value of the bicycle, an inertia value of the bicyclist,
and respective inertia values of multiple rotating components
of the system. This allows the system to determine power
based on detected or measured speed-related performance
characteristics of the bicycle.

According to another aspect of the invention, the sensing
device may be a linear accelerometer for measuring an accel-
eration and/or deceleration of the bicycle, and the change in
the speed-related value corresponds to acceleration and/or
deceleration of the bicycle. A speed sensor may be arranged
for sensing the speed of the bicycle. The processor may com-
municate with the linear accelerometer and the speed sensor
and determine a maximum acceleration or deceleration value
that corresponds to a dead spot of a pedal stroke in which a
minimum power is applied by a bicyclist to the bicycle during
the pedal stroke. The power value may be determined based
on the speed and deceleration values at the dead spot. This
allows the system to determine power based on a detected
acceleration and/or deceleration of the bicycle.
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According to another aspect of the invention, for on-road
implementations having the bicycle power-sensing system
arranged at the bicycle for on road use, power related to macro
scale accelerations and/or decelerations may be accounted for
based on a macro scale speed measurement, rather than the
dead-spot deceleration measurement. If the power due to
these macro scale accelerations/decelerations account for less
than about 5% of the power spent during a ride, then it may be
ignored in such evaluation; however it is understood that it
could be included which may allow for obtaining maximum
accuracy. This allows for determining power primarily in
light of macro scale speed measurement(s).

Various other features, objects, and advantages of the
invention will be made apparent from the following descrip-
tion taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate the best mode presently contem-
plated of carrying out the invention.

In the drawings:

FIG. 1 is a partially schematic side elevation view of a
bicycle incorporating a system for speed-based power calcu-
lation in accordance with the present invention:

FIG. 2 is a partially schematic isometric view of a trainer
incorporating a variant of the speed-based power calculation
system shown in FIG. 1;

FIG. 3 is a partially top plan view of the cycle computer
incorporated into the speed-based power calculation system
of FIG. I;

FIG. 4 is a flowchart schematically representing a method
for determining power based on a speed-related value in
accordance with the present invention;

FIG. 5 is a flowchart schematically representing a variant
of the method of FIG. 4;

FIG. 6 is a flowchart schematically representing another
variant of the method of FIG. 4; and

FIG. 7 is a flowchart schematically representing another
variant of the method of FIG. 4.

FIG. 8 is a graph showing pedaling torque in Newton/
Meters as a function of crank arm angle in degrees while
pedaling at 90 rotations per minute (RPM) and expending 250
watts.

FIG. 9 is a graph showing angular velocity in radians or
degrees per second as a function of time in seconds with
constant resistance.

DETAILED DESCRIPTION OF THE INVENTION

Specific embodiments of the present invention will be
described by the following non-limiting examples which will
serve to illustrate various features of the invention. With
reference to the drawing figures in which like reference
numerals designate like parts throughout the disclosure, rep-
resentative embodiments of the present invention are shown
as system 5A in FIG. 1 and system 5B in FIG. 2 which are
configured to calculate power of a bicyclist based on speed
values. It is understood that the speed values may include
various speed-related values, such as values that are functions
of speed or components of speed, for example, changes in
speed and/or rates of changes in speed, as explained in greater
detail elsewhere herein.

Referring now to FIG. 1, the system 5A is arranged on a
bicycle 7 that has a frame 9 that supports a seat 11, handlebars
13, and front forks 14 that support a front wheel 15 that may
include spokes 16. The frame 9 also supports a back wheel 17
and a drivetrain 18 that transfers power from the bicyclist to
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the back wheel 17 for propelling bicycle 7. Drivetrain 18
includes a left pedal 19 and a right pedal 21 that are connected
to left and right crank arms 23, 25, respectively, of a crank
assembly 26. The crank arms 23, 25 are arranged to rotate a
crank chain ring 27 that is coupled to a driven sprocket 29,
which is typically one of several sprockets in a stack or cone
of differently-sized sprockets, by a chain 31 or belt (not
shown). The driven sprocket 29 is operably coupled to a hub
assembly 33 that carries and rotates the back wheel 17 by way
of spokes 35 or a solid disc (not shown).

Still referring to FIG. 1, a measuring device shown as
sensing device 36 may be arranged upon the bicycle 7 for
determining performance characteristics of the bicycle 7 or
rotating components of the bicycle 7, such as speed, accel-
eration, and/or deceleration, as explained in greater detail
elsewhere herein. The sensing device 36 may include a sen-
sor, shown here as a sensor(s) 37 that is arranged upon the
bicycle 7 for sensing or otherwise determining a speed, accel-
eration, and/or deceleration of a rotating component of the
bicycle 7. In one embodiment, the sensor(s) 37 may be
arranged on the front forks 14 and/or the front wheel 15 for
sensing speed of the front wheel 15, which may include
measuring rotational speed or velocity of the front wheel 15
as a rotating component. In another embodiment, the
sensor(s) 37 may be arranged toward the back of the frame 9
for sensing speed of the back wheel 17, which may include
measuring rotational speed or velocity of the back wheel 17 as
a rotating component. It is understood that the sensor 37 may
be arranged at a different location upon the bicycle 7 for
sensing speed, acceleration, and/or deceleration of a different
portion of the front or back wheel 15, 17, or a speed(s) of a
different rotating component, such as a rotating component
within the crank assembly 26. In another embodiment, the
sensor(s) 37 is arranged for sensing the speed such as linear
speed, acceleration, or deceleration of the overall system or
the bicycle 7 itself and the bicyclist, instead of a rotating
component of the bicycle 7.

Referring now to FIG. 2, in another embodiment, the sys-
tem 5B is arranged in a trainer 39 having a frame 41 that
supports the driven rear wheel 17 of the bicycle 7 and a
resistance unit 43 that cooperates with the driven rear wheel
17 of the bicycle 7 so as to resist the pedaling effort of the
bicyclist in a known way. The sensor 37 may be supported by
the trainer frame 41 and arranged with respect to a rotating
component of the resistance unit 43 for sensing speed of such
rotating component. In one embodiment, the sensor 37 is
arranged relative to a drum or roller 45 that is rotated along
with a flywheel 46 by the driven rear wheel 17 of the bicycle
7 for sensing speed of the roller 45 which may include mea-
suring rotational speed or velocity of the roller 45 as a rotating
component. Itis understood that the resistance unit 43 may be
incorporated into the bicycle 7 itself, such as by arranging a
suitable resistance unit in place of the driven rear wheel 17 as
a directly-driven trainer and may include the sensor(s) 37
arranged at a flywheel or a driven wheel-type resistance unit
of such directly-driven trainer.

Referring now to FIGS. 1 and 2, in one embodiment, the
sensor 37 is a speed sensor. The sensor 37 may take high-
frequency speed measurements of the rotating component
that the sensor 37 is evaluating. This may include taking
multiple speed measurements per second, In one embodi-
ment, a speed measurement is taken every Y20 of a second or
Y100 of a second, or more frequently. This allows for a high
precision and high-frequency speed measurement to deter-
mine velocity or changes in velocity. Even at a very high
cadence of, for example, 140 rotations per minute (rpm),
every pedal stroke lasts about 2141000 of a second, which is
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substantially longer than the Y20 or Yioo of a second during
which speed measurement can be taken. This allows multiple
measurements to be taken for the measurement period of the
measurement, or allows for a measurement period of a rela-
tively longer duration, which still may be substantially
shorter than the about 2'41000 of a second of the pedal stroke
inthe 140 RPM example. It can be appreciated that even more
or longer measurements can be made at more normal lower
cadences, such as in the range of 80 to 105 rpm,

Still referring to FIGS. 1 and 2, in one embodiment, the
sensor 37 is a rotary-speed sensor, which may be optical-
based or magnetic-based, such as a hall effect-type sensor. In
another embodiment, the sensor 37 is an accelerometer such
as a linear accelerometer that can measure acceleration or
deceleration of the bicycle 7, itself, and the bicyclist (FIG. 1).
The accelerometer may allow for fore/aft acceleration and/or
deceleration measurements and can be combined with a
speed sensor that measures speed on a macro scale to deter-
mine large scale accelerations/decelerations. In another
embodiment, the sensor 37 may be an angular accelerometer
that can measure angular acceleration and/or deceleration of
arotating component of the bicycle 7 or trainer 39 and may be
combined with a speed sensor that measures speed on a macro
scale to determine current speed and large scale accelerations/
decelerations. Signals corresponding to speed, acceleration,
and/or deceleration measurements are transmitted from sen-
sor(s) 37 or sensing device 36 to an electronics module shown
as a computer 47 that evaluates data corresponding to speed
values from the measurements for determining a power value
representing power outputted by the bicyclist.

Referring now to FIG. 3, the computer 47 may representa-
tively be a JOULE or JOULE GPS cycling computer avail-
able from CycleOps POWER or any other type of bicycle
computer or suitable processing device. Computer 47
includes a housing 49 that holds circuitry 51 which includes
a processor 53 that is configured to execute particular appli-
cations that operate in accordance with a computer software
program that is stored on memory 55. The memory 55 can
also store data that corresponds to information that is dis-
played, explained in greater detail elsewhere herein, or data
that corresponds to the performance of the bicyclist or bicycle
7 during a riding session(s) so as to create a database of
historical ride information. An antenna or port 57 is operably
connected to the circuitry 51 for connecting the computer 47
to another computer or other auxiliary device, which can
allow for controlling and updating the computer 47. Buttons
59, 61, 63, 65 allow the bicyclist to input commands or
information and navigate through menus that are displayed on
a screen 66 and thus control the computer 47. In one embodi-
ment, the speed, acceleration, and/or deceleration measure-
ment(s) may be evaluated internally in the sensing device 36
and power data may be transmitted to another device such as
the computer 47 or some other display or secondary device,
such as a smart phone. In another embodiment, the sensing
device 36 may be incorporated into the computer 47 or sec-
ondary device, such as a smart phone for evaluating, for
example, deceleration values during certain portions of a
pedal stroke, such as a dead spot, explained in greater detail
elsewhere herein, with respect to macro level speed measure-
ment from an external speed sensor or internal speed mea-
surement (such as GPS) of the computer 47 or secondary
device to establish energy spent on macro scale acceleration
and/or deceleration.

Referring now to FIG. 4 and with further reference to
FIGS. 1-3, in one embodiment, the processor 53 (FIG. 3)
determines a power value based on a speed value(s) that is
measured continuously at short intervals between measure-
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ments. The processor 53 (FIG. 3) may receive signals from
the sensor 37 (FIGS. 1-2) and determine a change in speed
value of a rotating component of the bicycle 7 or trainer 39
(FIGS. 1-2), as represented at block 67. This may include
determining a deceleration value, as represented at block 69.
The change in speed value, such as the deceleration value,
may be evaluated with respect to inertia, as represented at
block 71.

Referring now to FIG. 4 with further reference to FIG. 1,
block 73 represents on-road inertia of one embodiment in
which the bicycle 7 (FIG. 1) is ridden on the road. Such
on-road inertia value may be a sum of system inertia in the
bicycle 7 and the bicyclist, which may correspond to a total
weight of the bicyclist and the bicycle 7, In another embodi-
ment, and referring now to FIG. 4 with further reference to
FIG. 2, the bicycle 7 is mounted to a trainer 39 (FI1G. 2) so that
the inertia corresponds to an on-trainer inertia value, as rep-
resented at block 75 (FIG. 4). Such on-trainer inertia value
may be a sum of system inertia in rotating components of or
cooperating with the trainer 39, which may include the roller
45 of the resistance unit 43, the bicycle rear wheel 17, the
flywheel 46 of the resistance unit 43, and bearings and an axle
(not labeled) of the resistance unit 43. In another embodi-
ment, the change in speed value, such as the deceleration
value, may be evaluated with respect to a sum of the resis-
tances, as represented at block 77.

Referring again to FIG. 4 with further reference to FIG. 1,
in one embodiment in which the bicycle 7 (FIG. 1) is used
on-road, the on-road resistance value may be a sum of resis-
tance components from acceleration, hills, rolling resistance,
and aerodynamic drag, as represented at block 79 (FIG. 4). In
one embodiment in which the bicycle 7 is used on-road,
power related to macro scale accelerations and/or decelera-
tions may be accounted for based on a macro scale-speed
measurement, rather than the dead-spot deceleration mea-
surement. In another embodiment, the power due to these
macro scale accelerations/decelerations may account for less
than about 5% of the power spent during a ride, so it may be
ignored in such evaluation, although it is understood that it
could be included which may allow for obtaining maximum
accuracy.

Referring again to FIG. 4 with further reference to FIG. 2,
in one embodiment in which the bicycle 7 is mounted to the
trainer 39 (FIG. 2), the on-trainer resistance value may be a
sum of resistance components from the brake components of
the trainer 39, acceleration, frictional losses between the rear
wheel 17 and roller 45 of the resistance unit 43, and frictional
losses between engaging bearings and the axle (not labeled)
of the resistance unit 43, as represented at block 81 (FIG. 4).

Referring now to FIG. 4 with further reference to FIG. 3,
the processor 53 (FIG. 3) performs such evaluation(s) to
determine a power value, as represented at block 83 (FIG. 4).
Referring againto FIG. 3, the determined power value may be
displayed through the screen 66 and/or stored on the memory
55 of the computer 47 for later viewing through the computer
47 or other suitable device in communication with the com-
puter 47.

Referring now to FIG. 5 with further reference to FIGS.
1-3, in one embodiment, the processor 53 (FIG. 3) determines
a rotating component value corresponding to a performance
characteristic of a rotating component of the bicycle 7 (FIG.
1) and/or resistance unit 43 (FIG. 2), as represented at block
85 (FIG. 5). Referring to FIG. 5, this may include determining
a speed value and/or a deceleration or acceleration value of
the rotating component, as represented at blocks 87 and 89,
respectively. As represented at block 91, an overall system
value may be determined, which may include determining an
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acceleration or deceleration value of the bicycle 7 and bicy-
clist (FIG. 1), corresponding to blocks 93, 95, respectively.
Block 97 represents evaluating the rotating component
value(s) and the overall system value(s). As represented at
block 99, an energy-related value may be determined. This
may include determining a total energy gain or loss value. As
described elsewhere herein and referring again to FIG. 3, such
determined values may be displayed through or stored for
later viewing on the computer 47 or other device.

Referring now to FIG. 6 with further reference to FIGS.
1-3, in one embodiment, the processor 53 (FIG. 3) determines
a speed value which may correspond to an overall system
speed of the bicycle 7 and bicyclist (FIG. 1) and/or a speed
value of a rotating component of the bicycle 7 (FIG. 1) and/or
resistance unit 43 (FIG. 2), as represented at block 101 (FIG.
6). Referring to FIG. 6, an acceleration and/or deceleration
value is determined, as represented at block 103. This may be
done by measuring angular acceleration or linear accelera-
tion, as represented by blocks 105 and 107, respectively. A
power value may be determined in light ofthe speed value and
acceleration and/or deceleration values, as represented at
block 109. This may include determining a maximum decel-
eration value during each pedal stroke based at least in part on
the speed value and/or acceleration and/or deceleration val-
ues and determining the power value based on such maximum
deceleration value, which may be displayed through or stored
on the computer 47 (FIG. 3) or other device.

Referring now to FIG. 7, in one embodiment, deceleration
is measured or monitored, which may be done continuously,
as represented at block 111. As represented at block 113, a
maximum deceleration value is identified during a pedal
stroke. As represented at block 115, a power value may be
determined based on the maximum deceleration value, which
may be displayed through or stored on the computer 47 (FIG.
3) or other device. This may correspond to a characteristic of
a slope of a portion of a graphed function of a pedal stroke(s)
performance that corresponds to a dead spot in the pedal
stroke(s), as explained in greater detail elsewhere herein.

Referring now to FIGS. 8 and 9, in one embodiment, the
change in speed or deceleration values may correspond to
periods of time in which very little or no power is inputted by
the bicyclist to the bicycle 7. Such period(s) of time may
occur during a dead spot 117 in a pedal stroke in which a
minimum power is delivered by the bicyclist to the bicycle 7
during the pedal stroke. During the time period of the dead
spot 117, energy lost translates to a total resistance against
which the bicyclist is pedaling, which corresponds to the
power the bicyclist must deliver to maintain current speed.
Accordingly, by using evaluations such as those shown in
FIGS. 4-7, the power value may be determined by evaluating
deceleration of the system, which may be predominantly a
result of system kinetic energy and resistance applied. The
dead spot 117 may be identified by the processor 53 (FIG. 3)
by finding several data points in a row where a change in
angular velocity remains substantially constant and is nega-
tive, The most negative slope may correspond to the least
applied power segment, ideally an applied power of zero.
Based on such negative slope (FIG. 9) and average angular
velocity, a power value can be determined by the processor 53
(FIG. 3) since, when the power being applied to the system is
zero, a calculation of energy being dissipated may be repre-
sented as a function of a change in kinetic energy from 2
(mass) multiplied by velocity?.

Various alternatives and embodiments are contemplated as
being within the scope of the following claims particularly
pointing out and distinctly claiming the subject matter
regarded as the invention.
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We claim:

1. A system for determining power of a bicyclist while
riding a bicycle, comprising:

a bicycle that includes a frame and a rotating component

rotatably coupled to the frame;

a sensing device arranged for detecting a speed-related

value of the bicycle;

aprocessor that communicates with the sensing device and

is configured to determine a change in the speed-related
value and to determine a power value based on the
change in the speed-related value;

wherein the sensing device is arranged for sensing a rota-

tional speed of the rotating component and the speed-
related value corresponds to the sensed rotational speed
of'the rotating component, and wherein the change in the
speed-related value corresponds to a change in the rota-
tional speed of the rotating component;

wherein the sensing device is an angular accelerometer for

measuring at least one of an angular accelerometer of the
rotating component and a deceleration of the rotating
component; and

wherein the processor determines the change in the speed-

related value corresponding to an occurrence of a dead
spot in a pedal stroke in which a minimum power is
applied by a bicyclist to the bicycle during the pedal
stroke.

2. The system of claim 1, wherein the processor determines
an energy-lost value and evaluates the change in the speed-
related value with respect to the energy-lost value to deter-
mine the power value.

3. The system of claim 2, wherein the energy-lost value
corresponds to a deceleration during the dead spot in the pedal
stroke.

4. The system of claim 2, wherein the energy-lost value is
determined based at least in part on an inertia value of the
system.

5. The system of claim 4, wherein the inertia value is a sum
inertia value define by summing multiple inertia component
values of the system.

6. The system of claim 5, wherein the inertia component
values of the system include at least one of an inertia value of
the bicycle, an inertia value of the bicyclist, and respective
inertia values of multiple rotating components of the system.

7. A system for determining power of a bicyclist while
riding a bicycle, comprising:

a bicycle that includes a frame and a rotating component

rotatably coupled to the frame;

a sensing device arranged for detecting a speed-related

value of the bicycle; and

aprocessor that communicates with the sensing device and

is configured to determine a change in the speed-related
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value and to determine a power value based on the
change in the speed-related value; and

wherein the sensing device is arranged at least one of a
front wheel, a rear wheel, forks, and a crank assembly of
the bicycle for determining the change in the speed-
related value of the at least one of the front wheel, the
rear wheel, the forks, and the crank assembly of the
bicycle.

8. A system for determining power of a bicyclist while

riding a bicycle, comprising:

a bicycle that includes a frame and a rotating component
rotatably coupled to the frame;

a sensing device arranged for detecting a speed-related
value of the bicycle;

a processor that communicates with the sensing device and
is configured to determine a change in the speed-related
value and to determine a power value based on the
change in the speed-related value;

wherein the sensing device is a linear accelerometer for
measuring an acceleration and/or deceleration of the
bicycle and wherein the speed-related value corresponds
to acceleration and/or deceleration of the bicycle; and

further comprising a speed sensor arranged for sensing the
speed of the bicycle and wherein the processor commu-
nicates with the linear accelerometer and the speed sen-
sor and determines a maximum deceleration value that
corresponds to a dead spot of a pedal stroke in which a
minimum power is applied by a bicyclist to the bicycle
during the pedal stroke and determines the power value
based on the speed and deceleration values at the dead
spot.

9. A method for determining power of a bicyclist while

riding a bicycle, comprising:

determining with a processor communicating with a sens-
ing device a change in a speed-relay value correspond-
ing to a chance in at least one of a linear speed of a
bicycle, arotational speed of a rotating component of the
bicycle, and a rotational speed a rotating component of a
resistance unit for resisting pedaling effort of a bicyclist
pedaling the bicycle;

determining a power value based at least in part on the
determined chance in the speed-related value; and

further comprising determining with the processor a dead
spot occurrence in which a minimum power is applied
by the bicyclist to the bicycle during a pedal stroke and
determining the change in the speed-related value for the
dead spot occurrence and wherein the power value is
determined at least in part by evaluating the change in
speed-related value for the dead spot occurrence and an
inertia value of the bicycle.

#* #* #* #* #*
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